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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an ultrahigh 
strength hot rolled steel sheet having excellent strain 
age hardening characteristics and capable of 
sufficiently contributing to the lightening of an 
automobile body and to provide its production method. 

SOLUTION: This_hot rolled steel sheet containing solid COPYRIGHT: (C)2002,JPO 



solution Ni of 3 0.0010% and having the average crystal 
grain size of 210 ^m is produced by heating a steel slab 
having a composition containing 2.5 to 3.5% Mn, 0.001 to 
0.050% Ti, 0.005 to 0.100% Nb and 0.0050 to 0.0250% 
N and also satisfying 3 0.3 N/AI at 3 1,000°C, thereafter 
subjecting the slab to rough rolling into a sheet bar, 
subjecting the sheet bar to finish rolling so as to 
control the outlet side temperature in the finish rolling 
to 3 800°C, within 0.5 sec after that, performing cooling 
at a cooling rate of 3 40°C/s and coiling the same 
at2650°C. 
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(57) [gift] 

[it M] a»Mflc©«i:<fbK+fl-KS4?--e*4, 

Mn : 2.5 -3.5 %, Ti : 0.001 -0.050 
%, Nb : 0.005 -0.100%, N : 0.0050-0. 0250% 

*U ^ON/AI# S 0.3 J-:JLbK&&il*7.-7*£l000 , CJiJl 

-£tt±JEJ£ffiffliSS800 tftlt LTft±£ESSLfc 
fife, 0.5 #JiH|*IU^»ii*40'C/sJA±-C , ^aiL, 65013 
JSlT-C**tt4C4:KJ:i)«jiSitfc, H^N: 0.0010 
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(2) #12 0 0 2 - 1 2 9 2 7 9 

1 2 

i#«=w*oi6H] imm 1 1 ks%t- 

C : 0.05-0.10%, Si : 0.05-1.5 %, Mn : 2.5 -3.5 %, 

P:0.05%UT, S : 0.0050% JSIT, Al :0.Q2%JSIT, 

Ti : 0.001 -0.050 %, Nb: 0.005 -0.100 %, N : 0.0050- 0.0250%, 
0?tN : 0.0010%WJt 

U7tTSttroMlr*fe&tK ^ttflttSanO/* mJSlT (11*4(2] «*%"? 

C : 0.05-0.10%, Si : 0.05-1.5 %, Mn:2.5-3.5%, 

p:o.05%mT, s : 0.0050 %&t, ai : o.02%&t, 

Ti : 0.001 -0.050 %, Nb : 0.005 -0.100 %, N : 0.0050 -0.0250%, 

@?§n : o.ooio%m± 

£#*U SfcU, Tf2A»~D»Ofir*i^l»i7tli *A«inJaT-e*4c:4:t4f»4:-r-5SWfSli«ft!fiH4»c«*L 
2 IMa±*"Mr U *»on/AI ri s 0. 3 J£H±-C* , A» A:iBA9IKiK]SiMK. 
*«FeiJ J: WFIT«flMF*t»d» <b ft <9 , ¥^*S B B B *2g^l 0 58 

IB 

AP:Cu, Ni, Cr, Mo: 1 «*7tli 2 «J0Lb&tH . 0 %WT 
BP: V, Zr : l«f fc<±2«-frft-0.1 %WT 

CP : B : 0.005 %J£HT 

Dp : Ca, REM : 1 ttf fcli 2 ffi-g-ftO.005 %£TF 

3 ] l i fzlt 2 tcfS«to££iil«o« ★«ffc«ptttc«*LfcjBjl5»K*o 

C : 0.05-0.10%, Si : 0.05-1.5 %, Mn: 2.5 -3.5%, 

P:0.05%WT, S : 0.0050%WT, Ai:0.02%WT, 

Ti : 0.001 -0.050 %, Nb : 0.005 -0.100 %, N : 0.0050-0.0250% 

Sr^-tfU *4v»Ji3C>UTSEA«~D#Otoih.3&»l# h^- £tt±JE£ffi«fiS800 rjH±i;Ltft±S 

*fcli2*a±***U d»ON/AI#0.3 W±-e* 5fiLfc7£, 0.5 #J!artfc?fr»a*40tysJ!a±^#iJU 

15 

Ap:Cu, Ni, Cr, Mo: 1 tt i fctt 2 »GJLbatM . 0 %J£HT 
BP: V, Zr : l«ifctt2»frtK>.1 %jeht 

CP : b : 0.005 %&t 

DP : Ca, REM : 1 mt tzlt 2 «£-ff-0.005 %filT 

[«*jR5] mmkomm.^ msmttotxr/tt: mi*&&= tm&z (bit, Tstie-r) a*780Mp a & 

l±l^^7ffl-tt(-«t*#0^0.5 -10%O*Dlt^«fet ±T-^^>vlt 

*a4iB$i<7>^ffi 0 mm. 170 ro&£K2053iswi-**#T-B#^&3L 

[0001] 40 h t te-r ; b H=i*»»a«w»ftje:.^-ii*a»aiiiro 

[HWO*t5tti*lf] **9Ui, SUSabflMfciRrttU i 6 **©*) #*80MPa Jtt±-C*»), ^OfH^l (ff 

%T?*»K %i:B&fe?n^ 0 f fc, v»T, S) ^40MPa W±T**^«It 

rN/Aij , t@?§nj , r«»ai*j , rku#asi£tt ^iefiS5S*js^Mii«i±, ±t L-csiwH«ii«M*j3 

[0 0 0 2] Oft»fc*4»»»SE8l«K«»JKL-7*. ^0*»iK 

N/AI= N-f-^-g (%) /Al^** (%) H«l±, «*»i|!iffi-co«a*«BJ«tv»-9ii-c, J^® 
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3 

[0 0 0 3 J 

lii*i*-CJfrBE8l«HE*««fc*trv»fc 0 L*U lift 
*) , £Sft»14 (Iflttnite) 3ft3S«ME*«l!a-C* * J: t (c 

[ooo4] ft^(ommw%mmfrbnffii}itfz.m.ffliz 

MlSiSO fc tf> ic (±ii« £ iftSR^j-ft L xmWMM £ & 

lti±, eg a. if ft n\ *ii:»)3Ejgu*n--5»waift. « 

&ssss;frii«ji> mmi:mz^ &&&&&& i>&ix& 
and***. 

[0 0 0 5 J SIJp'&Srf^^astciJv^Tti, #§«H 

^ftntm.) a^ffc-ra, t^o fewest:, itt 

[0 0 0 6] ittSrtTSi--&^«)<0^ffii: LT, MxJf 

^EltCfffcKS 170"CX20^jK(7)^g^#ttXS 

WtlZXZmfcfcf) (»T> YStEt) ±#£»TSt 

H^Sr^lh-f *«j8>$^ fOY S±#S:lijg:<«lx.'b 

[0 0 0 7] ******* ») WHHfcfcfcfcWSiftU 

*t L- X «U @i#N £ ffl v» r «#»t Wfc* £ $ <b (ZtfiD $ 
(*H^P7 -30408 ^ t»^7x7 
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4 

ttlfWLIt&i i. *)-!§m±Z-tttzmfo {1f2:f8 -2304 
Kt'tm^ZtlX^Zo L^U #£?f 7- 
30408 ■9-f^|lUH*5*t*»l«[t?Ji, Sfc**#«t«t=Y 

s a** $e«±# Lssv^#«t«fka#f# <^ *t£ *> <o 
<d, Tsf T*ii±#$-ti-^ct(±T*§-r, mmnmm 

048 ^-^uHi^stLiflHEii, nmmzm&mmit<v 

x i ttzt&fcm&tmmxb <o, y s <vmmtf± 
§ <tf<bo<$rif««ttteKo3e»fc*# aft 

i!«<0»^Ift^#-C # 4 </> t NfiE * o fe„ $■ f, 

20 [0008] ?t>i:, m-igismmmMmzgzftitz 

t> ^FM¥6-145894^-2r«HCT S780MPatt±(7)*i5Eji 

zmmnhmitiz ins -hmm-t %> t *qaii# b n 

[0 0 0 9] 
[0 0 10] 

itt Z®g,l,zm3L2-tt7 Z> Z t Z%a& Lfz 0 
[0 0 11] ?<btc, *|MJ#f,{i, NUi4S«F«ja 

mv^it^o NKi4aii*»wfi3i»**jtur 

50 »aS**fcli>l=tt, a«(01B-C, »»CAI****N* 
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& £ t £ i t i> SL ^tz L *:<, 

[0 0 12] t N£S£fb7C*i: Ltfflv\ 

£ft4%*t^4AI*#l;fc*IEftlMUIW»U $ <b 

u aM^fr i mmit l t»i ait t @ n £ ssibis- £ 

[0 0 13] *7t, Sfe5|5<i?l5S«^*S***{-^ftit« 

l , * s tt & si5p D 0 izmm -r * (±^r l *> + 



(4) #Ha2 002-129279 

[0014] *»wti> £*i«b«oaiJiK*cfv»Tfts*i 

( l ) c : 0.05-0.10%. Si : 0.05-1.5 %, Mn : 2. 
5 -3.5 %, p :o.o5%wt\ s : 0.0050% wt, ai : 

0.02%1JLT, Ti : 0.001 -0.050 %, Nb : 0.005 -0.10 
0 %, N : 0.0050-0. 0250% , @?#N : 0.0010% fcLL£ 

[0 0 15] (2) C : 0.05-0.10%, Si : 0.05-1. 
5 %, Mn:2.5 -3.5 %, P : 0.05%WT\ S : 0.0050 
%1J.T, AI :0.02%iy.T, Ti : 0.001 -0.050 %, Nb : 
0.005 - 0.100 %, N : 0.0050-0.0250%, @>tN : 0. 
0010%JSLh*£tfU $<bt-, TI2A»~D»Offir*LJi» 
l»*fc(4 2»J0l±*-grarU *ON/A«**0.3 feJLtT? 

[0 0 1 6] 



Am 

BS¥ 
CS¥ 

(3) (1) ttzlt (2) 



: Cik Nu Cr\ Mo : 

: v, zr : 

: b : 

: Ca, REM 

iztzm^m'mmm^mmiz 
tiwskt-t&mmhm.'it 



[0 0 17] (4) C : 0.05-0.10%, Si : 0.05-1. 
5 %, Mn : 2.5 -3.5 %, P : 0.05%JilT\ S : 0.0050 
%&.T, AI :0.02%tTF\ Ti 10.001 -0.050 %, Nb : 
0.005 -0.100 %, N : 0.0050 - 0.0250% ^-^Wt. h 
Z> v»tt $ "b Ktf|EA»~ D»Oflr#t*» 1 2 SJSJL 

±*-£#U ^ON/AI75 J 0.3 &±T*»K Stt&jOTeiS 
< tuq^pTil6<JT : *Et)^'b ; &-5.«^77'^1000 , CJiJ.±(CiJI] 

Jiff5Iffi«5S«800 SBLhfc LTtt±ffigL.*:?£, 0.5 

*HHrtK##«*4ot:/sJBUt-e*ajj l, 65ot:tiTT-# 

[0 0 18] (5) SM<Oi«C, MEffifciU-' 

/ $ 1 1± u * 7 #tt u «t v^o. 5 - 1 o%ojnx t m 
ffiti, zvmifziizn&vmizM-fztZi&Mt-f 
* (4) fE«<0*feo 
[0 0 19] 



lUifzl±2 tttH±-g-|t1 . 0 %UT 

itjfca2i-&mi %juit 

0.005 %tlT 

1 2 «£-It0. 005 %ttT 

c : 0.05-0.10% 

30 Cl±, fiagE««4rWfflLT«l*aifti--&^:ie)^R/p 
bT^7C**-2>**, 0.05%*?ST*liT S780MPaJili:£;i 
*-C#r, 0.10%i8-C«±il + «)^fti»^3&»ltJD 

WSI«<0»ljtS:E!j|^-r*o for, C(±0.05-0.10% 
t-t&. «»1Sb*fil±S-*4«jS*»?,{t^ 0.08% 

40 VXTtfttt L^o 

[0 0 2 0] Si : 0.05-1.5 % 
Si li, *Oj£tt«rW*KfiTS-*4 Ct^< iB*££iS5Sil 

jRfb-e $z>mm% ffltTtmx&z o. 05%*vsr-i± -e 

lEflljA) *** < ft •) 1- ¥T tt±EESEWFH#*0 7x7^ 

1.5 %tlTt s *ttlfMnfi<D|aKlC J: »)Si 
o««ft*»jft±#ftffl *W«|-e # , AfiFft*®1±« 4 

5t«-C#4 0 f oT, Si(±0.05-1.5 %t-T-5> 0 ftfc, 
50 TS780MPai8a-C*S^tS:»«LfcV't»'&li, S£«t® 
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(5) 

7 

ttO'<?>XOttj&4>fe, 0.5 %HT»iU>. 
[0 0 2 1 ] Mn : 2.5 -3.5 % 

•e* *) . *SrW**LRrjhw«jft*» <b (± c rasiwi- 

*0*«flFSU\, 4£> Mhl4»*ttS:ai|a!ft1-*3»**« 

SiL^, t<CT S780MPa«a!«tcov>TS*3c5et 
T@5e1">&tzi±, Mnt±2.5 %J-jLt, 4?4L<(±2.7 
±. fCT S980UPa&t1- (±3.0 %fi, ti"* 70 
£<i?* ? *^) 0 Mnfi £ C: co U ^ ;u 4 "CiS j&S&ft 
w^»(;*t1-*il«^«l«fi<)14KiJ J: tf"MB#5S)?Ifb#14 

off e o s **e i, <r> x\ 5h9.%Mit k it $mm xh 

[0 0 2 2] LfrL, Mnm.5 %Zmi&-r&t, Wffltj: 

HSitTffitta«&ft-*- Mnl±3.5 %JSLTUR*C 

t t Ltz 0 20 

P : 0.05%WT 

tuz&a l »»»oift'f t tfc^e>i-ci:*»C), o. 05% 

[0 0 2 3] S : 0.0050%ttT 

S(±, MfctLTffftU *MRO£te*#fl:SH»\ $ 

^»:fc1*o#fb£& &£^T*-xfS&oT% o.oo50%w 50 

v>TI±, 0.0030%Jil.T3ii J M4 Lv\, Zh\z, HCSlC 
fe«S5:#y f 7 v> v14T*0??;fcl^;u^v^§£-l±, 0. 

ooi5%«T* ? »i lv> 0 4fcfwafc«mi*fP! , ?*4 

SSr0.0030%JSLT$-Cft*f4t, &J£H«OMB# 
^Sfb#14o^fi:^^bffli6]7!» f ?4 i i co .£ ^ t, 

<£>0.0030%W.T* 5 li? 4 Lv^o 
[0 0 2 4 ] Al : 0.02%J-J.T 

Aifi, »<oift®?7c5££ LTjgj&oSfu *Hort?#i££r6]± 

OA I SiD li SBttttO Stfb K o & a* »), 4 @ N £ «t 
«LH<&£ 0 4fc, B»Ni»«t4fctU4, Al 

a«o. 02% * ax. £ t m &&ft<Dmm iz ± s wm®mim 

t£OI±"<bO < -?-Ofc*AHi0.02%WTt- 

*oiR?*t*. #K*j6ttoii.«*»e>i*, 0.001 - 
0.020 %#?«bi:ii Lv>„ 

[0 0 2 5 ] Ti : 0.001 -0.050 % 

^D^ottfttfcffltftffcfci&itu *&ttt:ft'b*i«& 50 
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it immit-t 4 a*******, 0.001 %*9t-c(±*»*»4 

»2L<, 0.050 %fiTt±f@'H^«&0tfb 

W * £ t fm L , # y 7 5 > tt * ft T S * 4 f *t«- 
4*tttC**#S:4iJ:t3rfo LWoT, Ti (±0.001 -0. 
050 %tf-6o fcf 4 L < (±0.005 -0.020 %X& 

[0 0 2 6] Nb : 0.005 -0. 100 % 
Nbl±, NbC *^0*rffi»0#£®|K*?TO*iI*^OjB 

^o^—fbi- s^*^*^^ o.oo5 %*aHT*(±^*^ 

5ft*(C^L<, — 0.100 %fi-C(±i|tp(C®R^*ftt3 
*r«4*tt, W7 7 > 

v'ttSrf&T^Hir^o L/:i ! oT, Nbl±0.005 - 0.100 % 
t-f^o #4 L < (±0.010 -0.050 %X'4bZ> 0 

[0 0 2 7] N : 0.0050 - 0.0250% 

B#*IHKffc-C03ft « ±#«f b* s +^-(C|§JS $ tt, T S 780M 
PaJ^±. B H80MPa JSl±, ATS 40MPaJ^X i: 

So 4fc. N(C(±il<7>^*^Ttf^fii§ *W 

[0 0 2 8] N35 f O.OO50%*Slf(± > ±IficO?iiR±#?i) 
^^^.LX^MUZ < v^ 0 N^0.0250%fi"C 
(±s areortasXBSIS^* 1 * <4Sitti:, 

N (±0.0050 -0. 0250% i: Lfz 0 i^fc, fSitie^ 
Sr#JSL/i#So^5t14 • #g 0 W±ottj**(>li, 0. 
0070-0. 01 70% 4 Lv»„ 4iJ % ^f&W^iiF'gONg 

■e**Lif, ?#»i4-N.co«f^#(±^< ^ 4/c, 

[0 0 2 9] Hj#N : o. ooio%jy.± 

ittf+frtz^mZH-Z, -T^to*>BH?r80MPa tt±*o 
ATS^r40MPa &±t1rZ> tU±, Hcp^H?#N^0.0010 
%mXff«i-4^-S* ? *4o 4*, ±*)i£teOBH, A 
T S S:3t«;1--?>(:i±0.0020%Jil±, £ <b dESffiO^-g-li 
0.0030%m±*^4 L^„ 

[0030] -c-e, ai§Na<±, &$> <r>4:n&frhm 
*vmm&#t>&w* *&w%htfz.Khmm&\zo^ 

A«-i)gr-l4 0 zotzib, *&WxiiW,mmz£ioffi 
{BN£«ffi-t-i, t<0t 1-4 0 4/c. Iffftj: LT7-tf 
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[0 0 3 1 ] N/AI : 0.3 ELL 

m&co4?K, «iS*fr<DSE»U J: <b-f 3?jeLT««t= 
@ N £ 0. 001 0% &±n-f »C <4 , N * 3ft* K S 5e1" 2> 7C 
*t?*4AIOl:*WIR-t «J , Al £0.02%WT 
t-f 4'£-S***4o #S&WO&j£$6Brt-eNgi:Alg«9 

tittp&tt* 4 ^i$st^^^«)ii t -r * 

*i:iiWoi 0 U^ot, Alfi(± N/0.3 fclT 

[0 0 3 2] At£ :Cu> Ni, Cr, Mo: \m.ttz\t2WfX 
±^-tt1.0 %VXT 

Af£<D7CfifCu, Ni, Cr, Mo(4, flix fc«HRtf>5i&«±#t- 

o-eajuna £ X:ii«[«j6iD-r « i t **x # 
-So l*u sa^-rr& tmmta&BiBLnmin* fb* 

K>cttA»i4'&w-co.05%ja±**-r&i l 

[0 0 3 3] Bff : Zr : litf;l±2 tt£-gt0. 1 % 
B^cOtc^V, Zr<4, ®KMfe&%L&<7>WMit ■ ft 

*o Lrt>u Sd*#-rr-5t^iai^«in:<o*ijn, ft* 

*t"*»»»*^ltO*fb* f * *> tzbir<?>X% Bmt 
*W"TM.O %HTi"ffSLv>. £13, «rEJ»*t#4^: 
*Mci4B»l4-£-frT-0.001 %J0Lt**r-f4 itw L 

[0 0 3 4] c» : B : 0.005 %JSLT 
C^<Otc^BI4, *<&*A*Lte*|<Ui 3 * 

s&js mm ? * * s w-ean^sn-r -5 i b wx is 0 l 

B5& t & * f<0 Pp^S S: <> 7t <b i"<D j^/JOl" 4 *#I4 
B (40. 005 %WTt-t-5)'£^75 i *4 0 
[0 0 3 5] £43, mie^* ; S:|#-&^«b(C(iB(40.0004 

DPlCa, REM : 1 9. i <4 2 tt-g-ftO. 005 %WT 
DPOTC^Ca, REM ItZtl^ft.fr&tymmfomWSi+L'? 

1+^0.005 %£j@x.£ tSBB^R80»^*»Ba:o 4 9 K 
4oT, D»(4^ftT-0.005 %&TO|gBT-i&&D 

[0 0 3 6] toll (4 Dp{4£-It 
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ffi«|*s 4 tr«« Wft K U o v » r KM 1- * o 
i&UlfcO : 10// m£lT 

4 19 ttAti#&9itt! S*fcKJft*5»fW*lj«tf> S EMRf 
fW'^A S TMKfc5£<0#«S;KJ: «J#tti Lfctti , 
|SI Z < «JBfffiJc 4 »> WJx Utfft* f> : & 

MS24( 1984) 334 #HB) to, W*t*»*# v^S-JRffl-f 

70 [0 0 3 7] #%W<7>fl«<7>iSll&l4, ltfgt&fr&JIMi 
&MU 2mX±.fr b%kfo&ffl&<r)^-rtix$><?xi> 4 
<, ifc, a^»sKffi(4, 7^5^ ME, z*-?^ h 

h*0-9*>'(BrtL0 1tti7t(4 2ttJil.±T**oT<>4v^ 

■*M hffi* f 35vol %EH±*-2>v»{4, i fl h «?-&Bt T-35VO 

*Mil4l0j« mW.TT*^»t*i.l4^f>^v^ 

20 [0 0 3 8] %&ZZX\ 7i7^ h t Lri4ii^<7>Tt 
*07i7^ (#V3't;l'7x7'f H «**c>f, 

%*-*7--)-'{ hmitt-rz tMi4(4[6]±i-^7) 5 \ 7^ 

4r?tiSi--5.^:i6tC(4^*-X7 i 7"^ hffl(4 3vol 
[0 0 3 9] *^-C(4 > ««-CH»NSrlt«-r43&», 

£0 -<03fii4, paB^tS«J47p^t s *,4^\ ^ B %*S# 
^-0^7C*Ofi*ft*ftli> ?f>^(4ittt>lcSt?-fJD 

*S B B B *lSl410^mWTt-r4£>S^-S o ^43. B His 
4 if A T S co § e> & 4 iSfi^elbtOSS jft* ^ (4, frffi¥ 
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